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Abstract
Sufficient, good quality sleep is associated with better performance in many sports; however, this
relationship has not been examined among motorsport athletes. The purpose of this thesis is to
investigate the relationship between sleep quality (SQ), sleep duration (SD), and performance
metrics among professional racecar drivers. During the 2019 season, five Formula 1 drivers
reported SQ, SD, and hours of time change for each race. Performance data (finishing position
and points earned) were obtained from a public website. Relationships between sleep variables
and driving performance were examined using correlations. Correlations between SQ and driving
performance were not significant. SD and performance were positively associated for one driver
and negatively associated for another driver (p < .05). Hours of time change was associated with
sleep duration for one driver (p < .05). Individual differences in sleep schedules and
requirements may mean that sleep is more strongly associated with performance for some drivers
than others.
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Introduction
Sleep is shown to form new neural pathways to increase memory as well as further
enhance learning (Sippel et al., 2020). Hirshkowitz et al. (2015) determined that 7-9 hours of
sleep is recommended for average adults between the ages of 18 and 64 years old. The American
Academy of Sleep Medicine (AASM) and Sleep Research Society (SRS) agreed with
Hirshkowitz and colleagues but further added that achieving less than 7 hours of sleep could
impair performance, increase errors, and lead to a greater risk of accidents in day-to-day life
(Watson et al., 2015). In 2002, Scott suggested that athletes that vigorously train for 20 to 40
hours a week should achieve closer to 10 to 12 hours of sleep each night (Scott, 2002). Further to
this, in the world of professional sports, global travel is common. A cause of reduced sleep
comes from a disruption in the biological clock that stems from jet lag-the disruption of one's
circadian rhythm by moving over several time zones in a short period of time. According to the
National Sleep Foundation a circadian, rhythm can take several days to adjust to a new time zone
(Hirshkowitz et al., 2015). Such a disruption in sleep is proven to affect memory (Ashton et al.,
2020), concentration (Sathvik & Krishnaraj, 2020), reaction time (Cheri et al., 2011), and
cognitive function (Ferrie et al., 2011). Given that (a) sleep has a heavy influence on day-to-day
function and (b) that athletic performance requires a high level of concentration and reaction
time, it is relevant to examine the relationship between sleep and athletic performance.
Several research studies have examined the influence of sleep parameters on athletic
performance indicators. For example, basketball players achieved significantly higher shot
percentages (Mah et al., 2011) and advanced farther into a tournament than teams that were not
achieving adequate sleep (Juliff et al., 2018). Likewise bicycle riders were able to achieve better
steering and increased speeds with greater sleep duration (Bothe et al., 2019). To further examine
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the effects of sleep reduction, Lee and Galves (2012) observed that athletes traveling
internationally experienced declines in their ability to complete mental tasks and motivation.
Such effects can greatly hinder the performances of athletes in many sports and reduce their
chances of performing well. It is noted that eastward travel, crossing a greater number of time
zones, higher age, and low experience in transmeridional travel tend to result in more negative
effects on the athletes. While the influence of sleep of athletic performance is being increasingly
explored, there are currently no studies examining the relationship between sleep parameters and
performance of race car drivers. With increasing interest in the physiology of motorsport, and the
demanding travel schedule of motorsport racing, it would be relevant to explore the effects that
sleep has on performance in motorsports.
During a race, motorsport athletes undergo cognitive (Lappi, 2018) as well as physical
(Ferguson et al., 2019) challenges that can change the outcome of the entire race. Drivers are
challenged by a variety of demands, such as reaction time (Medic-Pericevic et al., 2020) and
concentration (de Alba Gonzalez & Hernández-Uribe, 2020), that are not only critical to success
in the races but also the safety of the drivers to avoid crashes. Formula 1 driving is
physiologically demanding and challenges the drivers’ thermoregulation (McKnight et al., 2019),
gravitational force absorption (Reid & Lightfoot, 2019), and muscular strength (Backman et al.,
2005) and exposes them to cardiovascular stress (Yanagida et al., 2015).
During a race drivers increase their hear rate to 65-85% of their maximum heart rate
(Barthel & Ferguson, 2020), lose up to 7 pounds in sweat (Watkins, 2006), and must make split
second decisions to pilot their vehicles around the course in excess of 200 mile per hour (MPH).
Knowing the cognitive and physiological demands that motorsports have on driver-athletes and
the benefits sleep has on physiology and cognition, it is plausible that sleep could play an
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important role in race performance. There is, however, very little research done on this topic.
The purpose of this study is to add to the limited evidence looking at a relationship between
sleep and motorsports performance by examining the effects of sleep quality and duration on the
performance in Formula 1 race car drivers.
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Literature Review
In the world of sports, athletes strive to achieve as much success as possible. Success is
defined in different ways depending on the sport, but it typically involves beating an opponent or
occasionally beating a personal best. In professional sports, substantial financial incentives can
be claimed if an athlete is good enough. Sports bring in large sums of money, primarily through
sponsored endorsements. For example, in 2016, $60.2 billion dollars were invested in sports
worldwide, which was an increase of almost 5% from 2015 (Alhadad, 2019). In motorsport
racing, Formula 1 brings in most of their money through team sponsorships (44.7%) with the
drivers making $80 million dollars at the top end and $330 thousand dollars at the bottom (Sylt,
2019; Nash, 2020). Athletic success brings more money and gives athletes a strong incentive to
perform at their best. Consequently, athletes and their support teams are constantly exploring
ways to gain a competitive performance edge.
Multiple studies have shown that mental training, in addition to physical training, is
associated with improved sports outcomes in volleyball, baseball, tennis, and other high-intensity
sports (Chang et al., 2019; Cece, 2019; Birrer & Morgan, 2010). For example, cognitive
behavioral therapy has been shown to greatly decrease performance anxieties in volleyball and
baseball athletes (Chang et al., 2019). In addition, racket sport athletes reported a reduction in
anxieties as well increases in mental fortitude, self-confidence, and motivation after being
exposed to mental skills training programs (Cece, 2019).
In addition to the substantial bodies of literature examining psychological training
techniques to benefit athletes, studies have started to explore factors outside of training
sessions. For example, the influence of nutrition and different diets on athletic performance has
been explored. Some key findings from the examination of nutrition as a performance predictor
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include that ketogenic diets promote the use of fat as fuel through fat oxidation but have not been
shown to influence endurance or strength performance (Kang et al., 2020; Moscatelli et al., 2020;
Burke, 2020). This means that athletes will not improve performance through a ketogenic diet,
but such a diet can be used to achieve their desired mass without hindering their performance. In
addition, although plant protein is not as substantial as animal protein, athletes can continue to
perform at a high level while consuming a vegetarian diet if there is careful planning to include
higher amounts of protein (Bǎtrînu et al., 2020). While the influence of nutrition on performance
is recognized and continues to be explored, other lifestyle behaviors that could potentially
influence athletic performance-such as sleep, free time, travel, and social life–have received less
empirical attention.
One lifestyle behavior that may be particularly relevant to athletic performance is sleep.
The lifestyle of an elite athlete involves regularly crossing time zones to compete, which may
result in jet lag and sleep challenges influencing their athletic performance. Studies have shown
that sleep, and jet lag, influence aspects of our day-to-day life such as our mood, memory,
concentration, and reaction time (Tempesta et al., 2010; Lorenzo et al., 1995). When
experiencing sleep deprivation, people report negative moods (Larsen et al., 2020; Tempesta et
al., 2010; Goldstein & Walker, 2014), decreased memory (Ashton et al., 2020; Goldstein &
Walker, 2014), reduced concentration (Sathvik & Krishnaraj, 2020; Tempesta et al., 2010), and a
slower reaction time (Van Den Berg & Neely, 2006; Lorenzo et al., 1995; Cheri et al., 2011). In
addition, disruption of regular sleep cycles has been associated with reduced cognitive function.
A study by Ferrie et al. (2011) observed that regardless of sex and education, a change in amount
of sleep resulted in a decrease in cognitive functions in middle-aged adults. They reported that
those who increased the number of hours slept saw a larger regression in reasoning, phonemic,
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and global cognitive status but did not see a decrease in memory. Likewise, sleep deprivation is
reported to diminish memory and executive function; Braley and associates (2016) examined the
effect of sleep reduction on visual and verbal memory, executive function, attention, and
processing speed in adults with multiple sclerosis (MS) using a MS-specific cognitive testing
battery. They found that participants with MS and sleep apnea experienced reductions in all
cognitive function measures. Cho et al. (2000) observed airline crew members and airline ground
crew after domestic and trans meridian flights. Crew members who had less than three years of
experience did not have cognitive deficits, but those with four years of experience had significant
deficits in memory and reaction time after trans meridian flights.
Given (a) the influence of sleep and jet lag on day-to-day functioning, (b) the knowledge
that parameters such as concentration and reaction time are important to a successful athletic
performance, and (c) that elite athletes regularly travel internationally and cross time zones to
perform, it follows that it is relevant to examine the relationship between sleep/jet lag and
athletic performance.
Sleep
Sleep is thought to play a vital role in the health, recovery, and everyday function of
people. Studies have shown that during sleep the brain forms new pathways to increase memory
and allow for further learning (Sippel et al., 2020; Bellesi & De Vivo, 2020). Deficiencies such
as poor decision-making and inability to control emotions have been reported among those who
are suffering from sleep deficiency (Alvaro et al., 2018).
According to the team at the Division of Sleep Medicine at Harvard Medical School
(2007), sleep is a “state that consists of changes in brain wave activity, breathing, heart rate,
body temperature and other physiological functions” (para. #1). There are five different phases
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of sleep with the fifth stage being called REM (rapid eye movement) sleep. The American Sleep
Association (2016) breaks down the sleep stages as follows:
•

Stage 1: The first stage is considered the bridge between wakefulness and sleep. This
stage consists of a reduction in muscle activity and eye movement as well as the
introduction of alpha and theta waves. Some people experience a sudden muscle
contraction (hypnic myoclonia) which is often associated with a “falling” sensation that
will typically wake people. Stage 1 lasts up to 7 minutes but can start within minutes of
closing your eyes.

•

Stage 2: During Stage 2, eye movement ceases and brain waves slow down.

•

Stages 3/4: During Stages 3 and 4, Delta waves (slow brain waves) begin. These waves
are broken up by smaller and faster waves. When entering the fourth stage the brain
begins to solely produce delta waves. The third and fourth stages are typically combined
and called “deep sleep” due to the difficulty of waking someone up when they are in
these stages. During deep sleep there is no eye movement or muscle activity along with a
reduction of responsiveness to outside stimuli. Because of the deep sleep the body
engages in restorative processes such as repairing muscles, growth and development of
tissues, and the buildup of energy for the next day.

•

Stage 5: About ninety minutes after the initiation of sleep the participant will begin to
enter stage five, also known as REM (Rapid Eye Movement) sleep. Typically, an adult
will achieve five or six REM cycles each night. Not only is this stage associated with
dreaming, but it is physiologically the most different stage from all the other sleep stages.
Brain waves are equivalent to being awake and heart rate and blood pressure are higher
than during other sleep stages. However, muscles are atonic, meaning there is no
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movement during this stage. REM sleep is an important stage for learning and memory
functions due to the brain processing and information storage that occurs during this
stage.
An adult will go through these sleep stages in order throughout the night with each stage
lengthening in duration as the night goes on. In 2015, Hirshkowitz and colleagues updated the
National Sleep Foundation’s sleep recommendations using scientific data collected over the
years. Hirshkowitz and colleagues determined that 7-9 hours of sleep is recommended for those
between the ages of 18 and 64 years (Hirshkowitz et al., 2015). In addition, a panel of academics
was put together under the American Academy of Sleep Medicine (AASM) and the Sleep
Research Society (SRS). In this conference the panel agreed that people between the ages of 18
to 60 years old should achieve 7 or more hours of sleep per night. Those who suffer from sleep
illnesses or are recovering from sleep debt should aim to achieve nine or more hours of sleep.
The panel also states that for the average adult achieving less than 7 hours of sleep per night is
associated with “impaired performance, increased errors, and greater risk of accidents” (Watson
et al., 2015, p. 1).

Jet Lag
The human body has a biological clock that regulates physiological rhythms such as body
temperature, hormonal activity, and activity of organs. The National Institute of General Medical
Sciences (2020) defines circadian rhythms as physical, mental, and behavioral changes that
follow a 24-hour cycle and are primarily based on the daylight cycle. Jet lag is a disruption of
one's own circadian rhythm due to the travel over multiple time zones in a short period of time
(Arendt & Marks, 1982; Vecchi, 2019). According to the National Sleep Foundation, biological
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clocks can take several days to adjust to a new schedule, which causes the sensation of tiredness
during the day and wakefulness at night (Hirshkowitz et al., 2015). Although symptoms of jet lag
vary from person to person, they typically appear in those that travel over two or more time
zones. Typical symptoms of jet lag include disturbed sleep, fatigue, reduced alertness, and
decreased functions of mental and physical tasks. Sleep disruption usually lasts a couple days but
has been shown to last up to one week if the time change is great enough. In addition to the
number of time zones, a correlation has been found between traveling west versus east. Traveling
east over time zones is correlated with having longer lasting symptoms compared to traveling
westward (Selson, 1982; Choy & Salbu, 2011). In a study by Kraemer and associates (2016), 19
participants flew from Connecticut (east coast) to California (west coast), experiencing a 3-hour
time change. The participants were then asked to complete a battery of physiological tests (like
those encountered in sports competition) on five different days. Over the first four days, the
control group demonstrated a lower vertical jump height, slower pro-agility drill and slower 40yard sprint time when compared to their initial testing. On the fifth day, the control group
showed full recovery and demonstrated their baseline results on the physical tests. The
researchers reported that traveling westward over three time zones can lead to significant
reductions in power, agility, and speed performance in trained athletes.
Measuring Sleep
Sleep can be assessed in a variety of ways, using subjective and objective methods.
Subjective data collection consists of methods such as questionnaires and sleep diaries; these can
easily be completed by the participants without any assistance. Objective measures involve more
advanced hardware such as polysomnography (PSG) and actigraphy. The gold standard of
assessment to determine when the participant is in each individual stage of sleep in PSG. In
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addition, PSG can measure oxygen saturation, body movements, and apneas
(“Polysomnography” 2020). Polysomnography is considered the gold standard not only because
it allows the researchers to look at a variety of aspects of sleep, but there is also a low error rate
associated with it (Ibáñez et al., 2018).
The basic standard for a sleep assessment tool is to be able to record when the participant
is asleep or awake. This can be done by participants using a diary to record when they went to
sleep and when they woke up or using an application on a smartphone that records sounds and
movements when the participant is sleeping to determine wakefulness and sleeping. Using a
phone to record sleep leads to a wide variety of results due to the plethora of algorithms that are
available to identify and record sleep (Ibáñez et al., 2018). A commonly used assessment tool is
a sleep questionnaire due to it being inexpensive and very rapid to administer. In addition, this
method can be used to determine other aspects of sleep, such as participant’s perceived quality of
sleep. Sleep quality is an important aspect of sleep that could influence performance. Quality of
sleep is subjective and varies person to person. On average a person will report that they have
poor quality sleep when they feel tired throughout the day (Harvey et al., 2008). The flexibility
that questionnaires offer with regards to the specific aspects of sleep that are examined makes
them a very attractive assessment tool. Whether it be insomnia, sleep apnea or other sleep
indicators, researchers can ask specific questions to attain the relevant information (El-Sayed,
2012). A study examining the psychometric properties of sleep questionnaires reported a
sensitivity of 73%-97.6%. This means that, at a minimum, the surveys were able to correctly
record data 73% of the time (Ibáñez et al., 2018). Although there is no perfect sleep assessment
tool out there, a wide variety of assessment tools exist, with their own pros and cons, which
allow researchers and clinicians to select one that meets their needs.
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Sleep and Athletic Performance
A relatively small number of studies have examined the influence of sleep on
performance in various sports. For example, Khalladi et al. (2019) examined 111 male
professional soccer players (23.7 ± 4.8 years) and determined that poor sleep quality was
occurring within a soccer league that in turn led to daytime sleepiness. Further, Juliff et al.
(2018) reported that they saw the two teams with the longest sleep durations finish in the top of
the tournament. Other team sports, such as basketball, have also been examined. Mah et al.
(2011) looked at extending sleep periods for eleven male collegiate basketball players (19.4 ± 1.4
years) and reported that sprint time increased while reaction time decreased. In addition,
shooting accuracy increased and fatigue decreased following an extended sleep duration (Mah et
al., 2011). Bothe et al. (2019) looked at sleep's effect on steering a bicycle while in motion.
Researchers examined 26 male bicycle riders (24.19 ± 3.7 years) and reported that sleeping after
learning how to steer gave the riders better accuracy and speed. Conversely, cyclists that had a
period of wakefulness after learning experienced a decrease in speed and accuracy compared to
their baseline. It was also reported that after the riders achieved a full night’s sleep their
performances leveled back to baseline. McEwan et al. (2020) examined the effect of sleep on 26
elite cricket players (28.6 ± 4.0 years) while traveling and while staying home. They found that
when traveling, the athletes got less sleep than they did when they were at home. In addition to
the sleep debt, they also observed that when the athletes had reduced sleep, they had significantly
poorer batting performance during competition. In addition, Lee and Galves (2012) explored the
results of jet lag’s effects on athletes. It was found that athletes that traveled internationally for
competition demonstrated declines in complex mental tasks as well as a loss of motivation.
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Multiple studies have examined sleep's effect on athletic performance in major sports
such as soccer, basketball, and volleyball but there seems to be a lack of studies in other sports.
Sports such as cricket and cycling have been examined minimally while sports such as curling,
archery, and weightlifting have not been examined at all. Although the influence of sleep has
been examined in a variety of sports, very few studies have examined the influence on motor
sports performance. Motorsports, such as Formula 1, are very popular, and as such, it would
make sense to widen the spectrum of sleep research to include motorsport racing (Formula 1,
2020).
Not only is motorsport becoming increasingly popular, but an increasing number of
studies show the cognitive (Lappi, 2018) and physiological (Carlson et al., 2014; Ferguson et al.,
2019) requirements of participation. From a psychological perspective, reaction time (MedicPericevic et al., 2020) and concentration (de Alba González & Hernández-Uribe, 2020) are
known to be critical to the success in motorsports. In addition to the psychological aspect of
reaction time and concentration, motorsport is a physically demanding sport. Thermoregulation
of race car drivers is an area of interest due to the drastic increases in core temperature during
competition. Carlson et al. (2014) examined intestinal core and skin temperatures in eight male
drivers (29 ± 10 years). Core temperature increased by 1 °F while skin temperature increased by
3.4 °F. This increase in temperature is partially due to the drivers having to wear multilayered
fire-retardant suits and helmets. With the races requiring moving at high speed and constantly
making turns the drivers are exposed to high amounts of gravitational forces, known as g-force.
The average person can withstand up to 5 g vertically before becoming unconscious but can
withstand significantly higher horizontal forces. During races, drivers have the potential to
experience 4 g on a single curve. With the added weight of a helmet, a driver may experience 4 g
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in a turn which places 51 pounds of force laterally on the neck of the driver (Reid & Lightfoot,
2019). If high g-forces are sustained over longer periods of time, the driver has an increased risk
of experiencing disorientation, vertigo, or even loss of vision on top of the increased strain on
their muscles (Hawkins, 2006). In a comparison of open-wheel drivers (such as Formula 1) with
rally drivers, Backman and associates (2005) examined neuromuscular performance such as grip
strength and ankle strength. Nine male international-level open-wheel drivers and international
level rally drivers, with 10 physically fit Finnish males as a control group were tested to
determine their strength in various motions. Although both open-wheel and rally drivers had
greater strength when compared to the control group, there were also significant differences
between the two drivers. Open-wheel drivers had greater strength in neck lateral flexion and
extension. Increased heart rates (HR) have been found in everyday people while driving a motor
vehicle (Taggart & Gibbons, 1967). Yanagida and associates (2015) examined the heart rates of
fifteen professional male race-car drivers (31 ± 5.5 years) during their races. A correlation was
found between speed and heart rate so that when speed was increased so was the heart rate. An
average HR of 164.5 ± 15.1 was found between all drivers and lasted the duration of the race
(54.2 ± 13.7 minutes). Jacobs et al. (2002) observed that the HR response of open car drivers was
like those competing in sports such as basketball, football, or baseball. The authors concluded
that the reason for this difference is that the increase in directional change leads to more
muscular work and causes more gravitational forces on the body. In addition to the primary task
of racing around the course the drivers are required to multi-task by communicating with their
team, making calculated decisions, and monitoring their surroundings. A study was done on
young professional drivers (19 years) to see lap time differences when performing mentally
demanding tasks while using a driving simulator (Baldisserri et al., 2014). The tasks of counting
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backwards by 7 and counting the number of letters in a word were the most difficult and trying to
complete those tasks while driving resulted in the slowest lap times. However, over time the
drivers seemed to show self-learning by decreasing lap times every lap.
When comparing different series of race car competition (Formula 1, IndyCar, NASCAR,
and International Motor Sports Association sport car racing), Formula 1 drivers had significantly
less body fat, higher lean mass, higher VO2max values and the highest neck strength (McKnight
et al., 2019). Although Formula 1 race cars do not produce the highest top speeds, the speed
obtained in the corners (area of greatest physical/mental stress) are substantially higher than
other series. Formula 1 race cars record an acceleration from 0 to 300 km/h (0-186 mph) in
approximately 10.6 seconds (Duxbury, 2020). The average racetrack in Formula 1 consists of
turns as well as long straightaways. The shape of the road courses takes a toll on the drivers by
applying high levels of force repeatedly over a short period of time. On a road course, the driver
could have to turn 13 times over 85 laps while going roughly 150 miles per hour (mph) which
adds up to 1,105 repetitions over the course of the race (Pruett, 2012). In 2019, the schedule
consisted of 21 race weekends consisting of three practice rounds, one qualifying round and the
race on the last day (3-day period) and two festivals spanning one day each (Formula 1). The
Formula 1 schedule demands a lot of the drivers and crew both physically and mentally. In the
2019 season, the drivers opened in Australia then traveled to Bahrain 12 days later followed by a
trip to China 12 days after that. Although it may seem like 12 days to travel is sufficient, the time
zones crossed must be considered. In the first leg the drivers must travel eight time zones
westward then 5 hours eastward only 4 days later. This type of traveling spans a period of 9
months from March to November. At these locations the drivers need to be able to produce peak
performances to outperform their opponents (Reid & Lightfoot, 2019).
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Given the physiological and cognitive demands that motorsports impose on the driverathletes, the benefits that sleep has on physiology and cognition, and the harsh travel schedule
imposed on the motorsport athletes, it is plausible that sleep could be an important factor to
examine in understanding the performance of race car drivers. However, there is currently very
limited research exploring this area of study. Insufficient sleep has been found to impair reaction
time in race car drivers. Miyata et al. (2010) observed drivers (mean age of 29.2 years) achieving
less than 4 hours of sleep and compared break reaction time and the amount of sleep achieved. It
was reported that break reaction time was significantly longer after a night of sleep deprivation
then after sufficient sleep. The purpose of this thesis is to add to the very limited evidence base
on the relationship between sleep and motorsport performance by examining the effects of sleep
on athletic performance in Formula 1 race car drivers.
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Methodology
Participants
Eastern Michigan University’s Human Subjects Review Committee approved the
conduction of this study (UHSRC-FY20-21-177). This study will use previously collected data
from five professional Formula 1 drivers during the 2019 season. At the beginning of the season,
the participants had an average Formula 1 driving experience of 4.8 ± 5.2 years. All participating
drivers are males with an average age 26.8 ± 5.4 years. The 2019 season consisted of 21 races
beginning on March 15th in Australia and ending on December 1st in Abu Dhabi. Throughout the
season, the drivers travel to 21 different countries crossing a total of 77 time zones over a period
of 15 weeks. The drivers and teams travel a maximum of 15 time zones westward and seven time
zones eastward with a total of 6 weeks in which they stay in the same time zone. Drivers
typically have a 2-week period between each race including the time trial runs to determine race
start positions. Halfway through the season the drivers are given a longer break (28 days)
between races. Engines and chassis of drivers’ cars varied by team with only two teams using the
same engine. Although engines were not identical, all drivers used a 1.6L V6 turbo charged.
Independent Variables
Sleep Duration
For a 1-year period, the participants were asked to record their sleep duration. There is
currently no validated, standardized format for sleep diaries. At the beginning of each day the
participants recorded the number of hours they slept the previous night. This method is
consistent with that used by previous studies examining sleep. The use of diaries allows the
athletes to have a normal night’s sleep without the use of invasive devices to measure sleep. For
example, Robinson and Bostrom (1994) asked participants to record the number of hours spent
performing desired activities in a 24-hour period, starting at midnight. A study done by
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Lauderdale et al. (2008) asked participants to record the time in which they went to bed and the
time they got out of bed to determine sleep duration. Participants over estimated nightly sleep by
average of 48 minutes when the diary reports were compared to objective data collected by a
wrist worn actigraphy. The correlation between the sleep diary self-report sleep durations and
actigraphy sleep duration measures was r = .47 (a moderately strong correlation), indicating that
subjective and objective measurements of sleep duration did not demonstrate strong agreement.
Subjective (survey) sleep measurement was also compared to objective (actigraphy) sleep
measurement by Kurina et al. (2013) to provide a measurement of validity for self-reported sleep
duration. The research team found that subjective sleep duration was longer than the recorded
objective measurement. Self-reported responses were anywhere from 18 minutes longer than
objectively measured sleep duration to 48 minutes longer. These findings are like previously
mentioned studies. While previous studies report notable discrepancies, studies have shown a
positive correlation between self-reported sleep duration and objective measurements. In
addition to these findings, it was noted that those who have a higher education, higher
socioeconomic class, and greater health status recorded sleep durations closer to the recorded
duration. Knowing the data and statuses of the athletes in this study, it could be inferred that they
will record their sleep duration more accurately.
Sleep Quality
For a 1-year period, the participants were asked to record their sleep quality. Participants
were asked to report the quality of their sleep for the previous night on a 1-5 scale (1 = very poor
quality, 2 = poor quality, 3 = acceptable quality, 4 = good quality, and 5 = very good quality).
Athletes that did not provide sufficient information were not included in the data analysis to
prevent any bias. This method is like that of previous studies that have been performed to collect
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sleep quality data. Similar to this method, Girschik et al. (2013) used a word scale (very good,
fairly good, fairly bad, and very bad) for participants to rate their quality of sleep from the night
before. Hawkins and Shaw (1992) used a verbal rating but associated numerals (1 = awful, 4 =
average, and 7 = great) to have participants rate their quality of sleep on a scale of one to seven.
Kevin Sethi (2012) compared sleep diaries to a sleep questionnaire and the Pittsburgh Sleep
Quality Index (PSQI) to determine the validity of collecting duration and quality of sleep from a
diary. When compared to the PSQI, sleep diaries showed significant correlations in sleep
duration and subjective sleep quality. The PSQI is a validated measure of assessing sleep quality
and duration. As such, moderately strong correlations between PSQI sleep quality measurements
and sleep quality measurements derived from a question like the one used in this study increase
confidence in the validity of the sleep quality self-reports from the participants.
Dependent Variable
The performance indicator used in this study was the number of points earned during a
race weekend. This study examined the driver’s points and did not consider the constructors’
points because all drivers remained on the same team for the duration of the season. First place
drivers achieve 25 points and the drivers in subsequent positions collect 18, 15 12, 10, 8, 6, 4, 2,
and 1 point, respectively. For a driver to collect points, they must have completed 90% of the
race distance and finish in one of the top 10 places. If a race is stopped or cannot restart, then the
drivers will earn half of the normal points only if they have completed 75% of the race distance.
A public database was used to identify the finishing position and points accrued by each
participant for every race throughout the 2019 season.
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Third Variable
Jet lag is used as a covariate to account for the time change experienced by the drivers
between the races. Jet lag was quantified as the number of hours of time change between
consecutive races.
Statistical Analysis
For each driver, sleep duration and quality data will be averaged for each month and
graphed over the year. This will be used to examine how sleep duration and quality change over
the racing year. Within-person correlations between sleep variables (duration and quality) and
performance will be run. Examining within-person correlations using each driver’s data for the
race year will allow us to examine the relationship between sleep and performance while holding
car construction variables constant. Correlations between sleep quality and performance will be
descriptively compared to correlations between sleep duration and performance to see if either
independent variable demonstrates a stronger relationship with performance. For the
correlational analyses, sleep duration and quality will be operationalized in three ways:
1. Sleep data from the night before race days.
2. Sleep duration scores and sleep quality scores averaged for the three nights prior to race

days, only including 3-night averages containing two or three data points.
3. Sleep duration and sleep quality scores averaged for the year.

These different methods of operationalizing the sleep variables will allow us to examine if acute
or chronic sleep characteristics demonstrate stronger associations with performance.
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Results
Figure 1 shows drivers’ average sleep quality scores for each month of the year. Due to
the use of a different scale (with a higher maximum sleep quality score), Driver 4 reported
consistently higher sleep quality than the other drivers. All drivers experienced fluctuations in
the quality of sleep from month to month. The average sleep quality range (i.e., the difference
between the highest and lowest monthly average sleep quality scores) for all drivers was 1.12
points with Driver 2 reporting the largest difference between their highest and lowest monthly
average sleep score (1.54 points) and Driver 1 reporting the smallest difference (0.80 points).
Drivers 2 and 4 experienced higher sleep qualities in the month of August, corresponding to the
longest break between races. Over the duration of the season drivers saw a constant fluctuation in
sleep quality from month to month with Driver 3 reporting the lowest average sleep quality
(3.07) for the year, which corresponds to acceptable quality on the measurement scale used by
the drivers. Driver 1 achieved the highest average sleep quality (4.0) for the year, which
corresponds to very good quality. During the month of September three of the four drivers
reported a decrease in sleep quality (compared to average sleep quality in August). All drivers
were able to achieve an average sleep quality score for the year, which corresponded to
acceptable or very good sleep quality. Driver 5 did not provide sleep quality data, so he is not
represented in Figure 1.
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Figure 1
Average sleep quality for each driver for each month of the calendar year
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* - Start of the season; ^ - Mid season break; ** - End of the season

Figure 2 shows drivers’ average sleep duration scores for each month of the year. All
drivers, apart from Driver 4, began the year with similar sleep quality ratings, but as the year
progressed, average sleep scores for the months were more reported variable. By the end of the
season all drivers reported sleep quality scores that were like those at the beginning of the year.
The average sleep duration range for all drivers was 1.55 hours with Driver 1 experiencing the
largest range (2.16 hours) and Driver 3 experiencing the lowest range (1.09 hours). Driver 5
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reported the lowest average sleep duration across the year (7.22 hours) with a minimum monthly
average of 6.21 hours and a maximum monthly average of 7.75 hours. Driver 1 reported the most
variable sleep duration with a range of 2.16 hours between the minimum monthly average of 7.5
hours and maximum monthly average of 9.66 hours. Drivers 2 and 5 reported shorter sleep
durations at the beginning of the season, which persisted throughout the year until November and
December. Driver 4 consistently reported longer sleep durations than the other drivers with an
average sleep duration of 9.37 hours a night. The average sleep duration for all drivers was 8.11
hours per night.
Figure 2
Average Sleep Duration for Each Driver, for Each Month of the Calendar Year
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Table 1
Correlations Between Race Points Earned and Sleep Variables

Driver 1

Driver 2 Driver 3

Driver 4 Driver 5

Points + SQ the night before the race

0.174

0.000

---

-0.081

---

Points + SD the night before the race

-0.087

-0.385

---

-0.081

0.220

Points + avg SQ for 3 nights before race

-0.108

0.029

---

-0.155

---

Points + avg SD for 3 nights before race

-0.386

-0.353

---

0.043

0.108

Points + avg SQ for month before race

-0.164

0.164

---

0.276

---

---

0.217

0.091

-0.293
-0.269
Points + avg SD for month before race
Note. Sleep Quality (SQ), Sleep Duration (SD), Average (avg)

Table 2
Correlations Between Finishing Positions and Sleep Variables
Driver 1

Driver 2

Driver 3 Driver 4 Driver 5

FP + SQ the night before the race

-0.186

-0.306

0.240

0.240

---

FP + SD the night before the race

0.056

0.850**

0.288

-0.332

-0.114

FP + avg SQ for 3 nights before race

0.062

-0.238

0.350

0.109

---

FP + avg SD for 3 nights before race

0.368

0.541*

-0.052

-0.005

-0.275

FP + avg SQ for month before race

-0.056

-0.097

0.276

-0.468*

---

0.121
0.471*
0.394
-0.311
-0.049
FP + avg SD for month before race
Note. Finishing position (FP), Sleep Quality (SQ), Sleep Duration (SD), Average (avg)
* Denotes a correlation at 5%, ** Denotes a correlation at 1%

Table 1 shows that the correlations between points earned in each race and sleep
variables (both quality and duration) were not significant. Table 2 shows the correlations
between finishing position and sleep variables. Driver 2 saw a significantly strong correlation,
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r(20) = .54, p < .001, between finishing position and sleep duration over the 3 nights prior to race
day. This indicates a higher finishing position (worse) was achieved when average sleep duration
during the 3 nights prior to race day was longer. A strong correlation was found between
finishing position and the monthly average sleep duration leading up to race day, r(21) = .47, p
< .005. For Driver 4 there was a moderately-strong, negative correlation between finishing
position and sleep quality during the month leading up to the race, r(13) = -.47, p < .05. This
indicates that for Driver 4, a better finishing position tended to be achieved when sleep quality in
the month leading up to the race was higher.
Table 3
Average Sleep Quality and Duration Scores for Three Time Periods: Night Before Race Day, 3
Nights Before Race Day, and Monthly Average Before Race Day
Sleep quality (#)
Sleep duration (Hrs)
3-NIGHT
3-NIGHT
NIGHT
NIGHT
AVERAGE
AVERAGE
BEFORE
MONTHLY BEFORE
MONTHLY
BEFORE
BEFORE
RACE
AVERAGE
RACE
AVERAGE
RACE
RACE
DAY
DAY
DAY
DAY
D1 3.67 ± 0.49 3.56 ± 0.40 3.62 ± -0.22 8.73 ± 0.70 8.71 ± 0.49 8.76 ± 0.30
D2 4.00 ± 0.41 3.93 ± 0.41 4.13 0.31± 7.08 ± 0.86 7.38 ± 0.78 7.46 ± 0.37
D3 3.36 ± 0.50 3.53 ± 0.48 3.46 ± 0.23 7.45 ± 0.76 7.48 ± 0.82 7.75 ± 0.39
D4 5.08 ± 0.67 5.50 ± 0.53 5.39 ± 0.25 9.71 ± 0.75 9.58 ± 0.56 9.35 ± 0.26
D5
N/A
N/A
N/A
7.63 ± 1.10 7.51 ± 0.73 7.07 ± 0.42
Note. Monthly average is taken from each calendar month.

Table 3 shows drivers’ average sleep quality and sleep duration scores for three pre-race
time periods (night before race day, 3 nights before race day average, and monthly average) for
the whole year. Two (Drivers 2 and 3) out of the four drivers reported lower sleep quality the
night before the race than the 3-night average. Likewise, three (Drivers 2, 3, and 4) out of the
four drivers reported higher sleep quality over the month prior to race day as compared to sleep

25

quality the night prior to race day. For sleep duration, three drivers (Drivers 1, 4, and 5) reported
sleeping longer the night before race day as compared to sleep duration for the 3 nights before
race day as well as the month before race day. The remaining two drivers (Drivers 2 and 3)
reported shorter sleep durations the night before the race than the 3 nights prior to race day and
the monthly average.
Table 4 displays the raw data for hours of time change reported by each driver and the
number of days they arrived at the location prior to race day. Of the 45 time changes reported,
62.2% were 4 hours or less and 68.9% were 5 hours or less. The average number of hours for all
drivers over the season was 4 hours, with the largest time change being 11 hours and the shortest
being 1 hour. The average number of days traveled prior to race day was 4.6 days, with the earliest
arrival being 7 days prior and the latest arrival being 1 day prior. Out of the 45 raw data points, 37
of them (85%) indicate that the hours of time change were less than, or like, the number of days
the driver arrived at the race location, prior to the race.
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Table 4
Raw Data for Hours of Time Change Experienced by Each Driver
Driver 1

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21

Driver 3

Driver 4

Driver 5

Points
Earned
Finishing
Position
Days
before
Hours of
change
Points
Earned
Finishing
Position
Days
before
Hours of
change
Points
Earned
Finishing
Position
Days
before
Hours of
change
Points
Earned
Finishing
Position
Days
before
Hours of
change
Points
Earned
Finishing
Position
Days
before
Hours of
change

Race

Driver 2

3
3
1
1
1
1
4
-

1
5
5
6
5
6
5
-

14
9
10
11
11
8
15
15
12
6
10
5
6
6
5
4
5
5
14
6

0
2
1
0
0
4
0
0
0
0
8
1
10
8
8
10
12
10
10
0
8

11
9
4
7
2
9
6
3
3

1
6
6
6
4
5
5
4
5

11
10
10
14
16
7
13
16
11
13
17
15
13
15

0
0
0
0
1
1
0
0
0
0
6
0
0
0
0
0
0
0
0
0
0

11
3
7
1
1
5
5
1
1
1
1
1
8
6
1
5
4

2
4
5
4
7
5
6
3
4
3
6
4
5
5
5
5
5

16
15
16
15
17
15
16
19
18
14
11
16
15
14
16
16
17
12
17

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

-

-

13
17
15
12
11
4
6
10
7
15
11
8
16
8
9

0
0
0
0
0
0
0
0
12
0
8
1
6
0
0
0
4
0
0
4
2

10
2
6
2
6
2
1
7
7
1
4
2

7
4
5
5
5
3
3
6
6
6
5
3

4
5
3
3
4
2
2
5
4
16
2
2
4
13
1
2
2
5

12
10
15
15
12
18
18
11
12
0
18
15
13
0
25
0
18
18
0
0
10
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Table 5
Correlations Between Hours of Time Change and Sleep and Race Variables
Driver 1

Driver 2

Driver 3

Driver 4

Driver 5

Hrs of time change + SQ
the night before race

0.137

---

0.230

---

---

Hrs of time change + SQ
for 2/3 nights before race

0.228

---

0.207

---

---

Hrs of time change + SD
the night before race

0.347

0.162

0.077

---

-0.752*

Hrs of time change + SD
for 2/3 nights before race

0.353

0.286

-0.415

---

-0.748

Hrs of time change +
Finishing position

0.163

-0.427

0.241

---

-0.469

Hrs of time change +
Points earned

-0.069

---

---

---

0.631*

Note. * Denotes a correlation at 5%

Table 5 shows the associations between time change (jet lag) and the drivers’ sleep
quality, sleep duration, finishing position and points earned in the race. Driver 5 was the only
driver with a significant negative correlation between time change and sleep duration the night
before the race, r(7) = -.75, p < .005. This correlation indicates that when the driver experienced
a greater time change, their sleep duration the night before the race tended to be lower. In
addition, for Driver 5 there was a significant correlation between time change and points earned
in the race, r(12) = .63, p < .05. This correlation indicates that when the driver experienced a
greater time change, the number of points they earned in the next race tended to be higher.
Correlations could not be calculated for Driver 4 due to a lack of data.
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Discussion
Although Formula 1 auto racing is a large part of the international sports industry, no
studies have looked at the relationship between sleep and race performance indicators among
racecar drivers. Studies have documented cognitive (Lappi, 2018; Medic- Pericevic et al., 2020;
de Alba Gonzalez & Hernández-Uribe, 2020) and physical (Ferguson et al., 2019) stresses that
are placed on motorsport drivers during their races. Other major sports such as soccer that have
large followings have received more research attention. Previous research studies on more
traditional sports, such as those by Khalladi et al. (2019), Juliff et al. (2018) and Mah et al.
(2011), have reported that sufficient and good quality sleep has positive effects on performance
in sports, so it would be hypothesized that this relationship might extend to motorsports. This
study analyzed the relationship between sleep and motorsports performance throughout a season
of Formula 1 racing.
Sleep Quality Across the Racing Season
When sleep quality was averaged over the year, all drivers had an average sleep quality
score that corresponded to acceptable sleep quality (when using the 1-5 Likert scale with verbal
descriptors of very poor to very good for the anchor values). However, some drivers consistently
reported sleep quality scores that were higher than acceptable (3) on the Likert scale, meaning
drivers were reporting more than acceptable sleep quality. Although one driver (Driver 4)
appeared to use a different sleep quality scale to the other drivers, fluctuations in Driver 4’s
quality of sleep were consistent with those reported by the other drivers. Throughout the season,
the drivers are required to travel to locations in different time zones. This travel causes the
drivers to regularly change their sleep schedules. Lim et al. (2021) examined 348 elite Korean
athletes and studied the relationship between sleep schedule, sleep quality, and performance. Lim
et al. (2021) reported that athletes who reported later sleep onset times had poorer sleep quality
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and showed worse performance in a Wingate test (glycolytic power). It is suggested that athletes
adjust their sleep schedules to suit their sport and allow for proper training and adequate sleep to
increase the chances of peak performance. Drivers 1 and 3 saw lower sleep quality monthly
averages when their sleep duration monthly averages were lower which aligns with the findings
reported by Lim et al. (2021). Walsh et al. (2021) suggested that inadequate sleep is very
common in elite athletes due to reasons including their training and travel schedules. Walsh and
colleagues (2021) also reference other studies that have reported “50–78% of elite athletes
experience sleep disturbance and 22–26% suffer highly disturbed sleep” (p. 358; Gupta et al.,
2016; Samuels, 2008; Swinbourne et al., 2015). With such a high percentage of athletes
experiencing disturbed sleep, it is expected that their sleep quality will vary from night to night.
While the current study suggests that motorsport athletes report adequate sleep quality, other
studies on athletes have reported sleep quality is generally inadequate (Knufinke et al., 2018).
Knufinke et al. (2018) reported collegiate athletes averaging less than seven hours of sleep a
night while the current study found motor sport drivers to average 8.11 ± 0.45 hours a night.
Data suggests that motorsport drivers achieve greater sleep. Reasons for this difference could be
due to the small sample size of the current study (five drivers) or that motorsport drivers have
been able to adjust to constantly changing sleep schedules from their numerous years of
experience in the world of racing. Motorsport athletes may be able to adjust to these sleep
challenges by living in a more central location as well as flying on private jets which allow for
more control over travel and more comfort. It is also feasible that drivers could have been
responding in a socially desirable way and reporting more favorable sleep quality and duration
scores.
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Sleep quality fluctuated throughout the year for all drivers. Notable fluctuations include
two drivers (Drivers 2 and 4) who reported higher sleep quality in the month of August. The
month of August coincides with the mid-season pause when drivers and teams have several
weeks off from racing. During this time, drivers experienced low stress environments (compared
to racing periods) and were able to relax for extended periods of time. These findings are
consistent with those of Dewald et al. (2012), who reported that adolescents experienced more
fragmented sleep during times of higher stress (e.g., exam week). The drivers may have been
able to achieve greater sleep quality because they were not regularly partaking in the stressful
activity of racing. Consistent with this suggestion all drivers with sleep quality data reported a
decrease in sleep quality during the month of September. This decrease in sleep quality may be
attributable to the restart of the racing period. The cognitive (Lappi, 2018) and physiological
(Ferguson et al., 2019) demands of motorsport racing would have been placed back on the
drivers and could explain the decrease in sleep quality. One driver (Driver 2) saw even higher
sleep quality during the off-season months of December through February. During these months,
Driver 2 reported an average sleep quality of 5 in December and January and slightly lower
quality of 4.58 in February. Conversely, Driver 4 reported their highest sleep quality in August
and lowest sleep quality in January when they are in the middle of off-season. This reduced sleep
quality could be due to the driver preparing for the season and August being their only “true”
break.
Two drivers (Driver 3 and Driver 4) experienced lower sleep quality ratings the night
before the race when compared to their average sleep quality for the 3 nights before the race.
This means that the drivers achieved worse sleep the night before the race but were able to
achieve slightly better sleep leading up to the race. Consistent with these findings, three drivers
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tended to report higher sleep quality during the month preceding race days than on the night prior
to the race. Poorer sleep during the night immediately preceding race day could be due to a
variety of factors such as nerves, better sleep when at home, or even jet lag (Lee & Galves,
2012).
Sleep Quality and Driving Performance
For Driver 4, there was a negative correlation between finishing position and average
sleep quality in the month leading up to the race. This means that the driver was able to achieve a
better finishing position (i.e., a finishing position with a lower number such as 1st, 2nd, 3rd) when
the monthly average sleep quality was higher. These findings are consistent with the findings of
previous studies that reported a lower sleep quality eliciting worse performance (Lim et al.,
2021). It is expected that if the driver achieves better sleep quality that they would be able to
perform better thus getting a better finishing position.
Apart from the negative correlation for Driver 4, sleep quality was not significantly
associated with the drivers’ performance (points earned or finishing position). This may be due
to drivers consistently reporting “acceptable” sleep quality (a minimum score of 3), which
limited the variability of sleep quality scores. These findings are consistent with those of Miyata
et al. (2013), who reported that participants who had lower sleep efficiency experienced
significant decreases in test accuracy. The limited similarities between these studies may be due
to the method used to collect sleep quality data - the scale in the current study may not have been
sensitive enough. Miyata et al. (2013) used an actigraphy (an objective sleep monitor) over a
period of seven days to measure the amount of sleep and efficiency of sleep (time asleep/time in
bed). This method allowed researchers to collect a direct, objective measurement of sleep
efficiency while the current study relied on the participants’ perception and subjective judgement
of their sleep quality.
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Sleep Duration Across the Racing Season
Some drivers consistently achieved greater sleep duration than other drivers, and each
driver demonstrated a different average amount of sleep throughout the year. This is consistent
with the notion that every person requires a different amount of sleep to perform at their best
(Chaput et al., 2018; Watson et al., 2015). This means that although there is a recommended
duration of sleep for the general population, individual differences influence the optimal amount
of sleep that each individual should achieve. Sleep duration varied across the entire year.
Fluctuations in sleep duration can be caused by a disruption to one’s circadian rhythm
(Hirshkowitz et al., 2015). This disruption can come from a change in time zone, like the ones
Formula 1 drivers experience when traveling from race to race. Two drivers (Driver 1 and 5)
reported their longest sleep duration during the month of August which aligns with the midseason break. Conversely Drivers 2 and 3 saw some of their longest sleep durations in the offseason months of December through February. As mentioned previously, drivers may have been
able to achieve more sleep due to a less demanding environment during their non racing periods.
Hirshkowitz et al. (2015) outline that 7 to 9 hours of sleep per night is recommended for
adults. As such, the drivers in this study reported sleep durations that fell within the range
specified by Hirshkowitz and colleagues. Scott (2002) reported that athletes who are vigorously
training for 20 to 40 hours a week should be achieving 10 to 12 hours of sleep each night.
Although none of the drivers achieved an annual average of 10-12 hours per night, Driver 4
achieved an average of 10 hours a night in the month of October. Although regularly competing
in high-stress and high-anxiety competitions, the drivers were still able to achieve sleep durations
within their recommended parameters. These findings are consistent with those of Dewald et al.

33

(2012), who reported that sleep duration remained constant regardless of stress levels in
adolescents.
Sleep Duration and Driving Performance
One driver (Driver 2) exhibited a strong positive correlation between finishing position
and sleep duration. This indicates that when the driver was able to achieve greater sleep duration,
they achieved a worse finishing position (i.e., a finishing position with a higher number, such as
12th, 13th , or 14th) in the race that followed. The strongest correlation was found between sleep
duration the night before the race and the driver’s finishing position. These findings are not
consistent with those of Bothe et al. (2019), Juliff et al. (2018), and Mah et al. (2011).
Specifically, Bothe et al. (2019) studied the effects of sleep on athletes and reported that cyclists
were able to achieve better steering and greater racing speeds when they achieved greater sleep
duration. Likewise, Juliff et al. (2018) found that the two netball teams that had the greatest sleep
duration finished the best in a tournament. When observing basketball players, Mah et al. (2011)
reported that shot accuracy increased while fatigue decreased when players experienced
extended sleep duration. It is possible that Driver 2 was experiencing a large sleep debt, causing
them to sleep more, but still be in a state of fatigue and therefore not able to perform well on the
race track. Fatigue that is provoked by the drivers sleep debt would explain that poor
performance associated with the increased sleep duration.
The fact that sleep duration and performance were associated for one driver, but not
others, suggests the importance of individual differences. In other words, optimizing sleep may
be very important for some drivers and less so for others. Due to the sample size being small, it
is difficult to determine whether the one driver with significant associations between sleep and
performance is an anomaly or, in fact, representative of a sub-set of Formula 1 drivers.
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Hours of Time Change, Sleep, and Driving Performance
Over the year, drivers reported hours of time change prior to each race and the number of
days they arrived at the race location prior to race day. Choy et al. (2011) explains that most
people experience symptoms of jet lag when they travel over two or more time zones. A study by
Jackson (2010) suggests that recovery from jet lag takes 12 hours for each time zone westward
and 24 hours for each time zone traveled eastward. For example, travelling westward from
London (United Kingdom) to Michigan (United States of America) imposes a 5-hour time
change on the traveler, which would take 2.5 days to adjust to (based on the suggestion of
Jackson, 2010). However, it is stipulated that each person may experience symptoms of jet lag
differently. In this study drivers reported an average time change of four hours and arrived at the
race location an average of 4.6 days prior to race day. These findings suggest that the drivers and
their teams are generally allowing a sufficient amount of time at the race location for drivers to
recover from time zone change/jet lag. This could explain a lack of relationship found between
hours of time change and performance. Week one involved the largest time change of 11 hours
for Drivers 2 and 3. In this instance, the drivers arrived at the race location one and two days,
respectively, prior to race day. The short time between arrival and race day could have been an
attempt to minimize the driver’s exposure to jet lag prior to the race, by arriving as close to
competition time as possible. In addition to sleep scheduling, other adjustment methods could
have been used, such as light and melatonin adjustments, which were not collected in this study.
For most of the drivers in this study, hours of time change were not significantly
associated with driving performance. For Driver 5 there was a strong negative correlation
between hours of time change and sleep duration the night before the race. This means that as the
number of hours of time change, they experience increased, the less the driver slept the night
before the race. These findings are consistent with information from the National Sleep
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Foundation, which says that a disruption in one’s circadian rhythm due to time change could take
several days to adjust to (Hirshkowitz et al., 2015). In addition, for Driver 5 there was a strong
correlation between hours of time change and the number of points earned over the race
weekend. This correlation indicated that when the driver experienced a greater time change, the
number of points they earned in the next race tended to be higher. Knowing that everyone has
different sleep requirements, Driver 5 may require less sleep than the other drivers. Due to this,
Driver 5 was able to achieve a better finishing position in races following a larger time change.
Team Tiers and Driving Performance
Relationships between sleep and performance were observed among drivers belonging to
mid-tier teams, but not drivers belonging to bottom and upper tier teams. In Formula 1 there is
typically a definitive line between upper tier, mid-tier, and lower tier teams. Upper tier teams
have significantly more funding which allows them to have the best engineers, drivers, and pitcrews. These factors are known to have substantial effects on the performance of the teams and
could potentially mitigate the effects of sleep and travel. Conversely, lower tier teams have less
funding, which does not allow them to have equipment and personnel that could make them
more competitive regardless of drivers’ ability. Mid-tier has more funding than lower tier but
less funding than the upper tier teams. This means that the teams must be more strategic on not
only their spending but the drivers that they select for their teams. These teams could have the
vehicles that can compete with the best teams but not the personnel that elevates the team,
placing greater importance on the performance of the driver. One way the team can elevate the
driver’s performance is putting an importance on travel and sleep due to its capability of being
easily manipulated.
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Strengths and Limitations
A limitation of this study is that sleep data were not collected for every day of the year. In
the initial study design, the aim was to collect sleep variables for every single day of the Formula
1 season; however, the drivers were unable to report both variables for every single day of the
season. This resulted in an incomplete data set for both sleep quality and sleep duration. Missing
data can reduce the statistical sensitivity of a study and influence the validity of the results
(Kang, 2013). Another limitation of this study was the sample size–only five drivers were
included in this study which is a small sample. However, the five-driver sample represents 25%
of the population of active Formula 1 drivers, and therefore, the data still provide valuable
insights.
Conclusion
This study showed that for some drivers, motorsport performance was associated with
sleep-related variables (quality, duration, hours of time change). Overall, the findings suggest the
importance of individual differences and that sleep may be more influential on the performance
of some racecar drivers and less important for others. Race teams may not have examined the
sleep schedules of their drivers in relation to their driver’s performance; this study suggests that
it could be worthwhile for them to do so. It is possible that some race teams may learn that their
driver’s performance is associated with their sleep, and therefore, that driver sleep needs to be
prioritized during the days/week leading up to race day. Prioritizing a driver’s sleep could mean
something simple, such as making sure the driver goes to bed at an earlier time, or something
more involved, such as recommending meditative/relaxation exercises for the driver. Further
research is needed to examine whether this study’s findings apply to drivers in other racing
programs (e.g., Indy Car, NASCAR). It would also be beneficial to explore relationships
between sleep and racing performance using a validated measure of sleep quality.
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